Organism andgrowth conditions. Bacillus megaterium NcIB758 I was maintained on nutrient agar slopes at 37 "C, subcultured monthly and stored at 2 "C. Batches of 500 ml medium A I (White, 1972) , with or without biotin ( 1 0 pg 1-l) or other supplements, in 2 1 flasks were inoculated with 1-0 ml of a suspension of organisms from nutrient agar (about 0.04 mg dry wt bacteria ml-l) and incubated with shaking (200 gyrations min-l) at 37 "C or 30 "C for 12 to 15 h. Early in the exponential growth phase [EEL colorimeter reading with neutral density filter (no. 1.0) about 1.0; about 0.5 mg dry wt organisms ml-I], the bacteria were harvested by centrifuging at 5000g and washed in 0.05 M-Tris/HCl buffer, pH 7.4. At later stages of growth B. megaterium NClB7581 was much less susceptible to the action of lysozyme (see below).
Preparation of extracts. (i) Organisms were suspended in 0-1 M-TrislHCl buffer, pH 7.8, and sonicated in an MSE 125 W apparatus for a total of 3 min, with cooling at 2 "C for I min between each I min burst of sonication. Supernatant liquid was kept after centrifuging at 17000 g at 2 "C. 
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(ii) Organisms in the same buffer were put through the pressure cell of Milner, Lawrence & French (1950) at 2 "C and 1-4 x 1oS Pa. Supernatant liquid was kept after centrifuging at 12000 g at 2 "C.
(iii) Bacterial suspension (about 5 mg dry wt ml-l) containing 120 pg Iysozyme mI-l, in the desired enzymic assay system buffer (0.1 M) at the pH value used for the subsequent enzyme assay, was incubated at 30 "C for 30 min. To obtain a homogeneous extract, the viscous lysate was sonica.ted for 39 s (as above) at z "C and centrifuged at 17000 g. (Scrutton, 1971) . After equilibration at 30 "C the reaction was started by tipping the enzyme (about 5 mg protein) from the side arm. After 15 min, I ml 0.5 M-H,SO, was tipped from the second side arm and the total C 0 2 evolved was measured. Protein was assayed by the method of Lowry et al. (1951) with bovine serum albumin as standard.
Assays
Chemicals. Acetyl-CoA was prepared from coenzyme A and acetic anhydride by a method similar to that used for the synthesis of succinyl-CoA (Simon & Shemin, 1953) . Citrate synthase and malate dehydrogenase were from Boehringer ; lysozyme (egg white) from BDH ; and NaH14C03 from The Radiochemical Centre, Amersham.
(1968).

RESULTS A N D DISCUSSION
Pyruvate carboxylase was measured in extracts of B. rnegaterium by fixing 14C02 from bicarbonate to pyruvate -this produced oxaloacetate which, with acetyl-CoA and citrate synthase, was converted to citrate before counting the radioactivity. A gentle preparation of extracts(i.e. by lysozyme digestion of the wall) was essential to obtain an active enzyme; extracts prepared by sonication or the pressure cell did not incorporate 14C02, which suggests that the enzyme was damaged by the last two methods of extraction. Spectrophotometric assays were unsuccessful owing to the presence of NADH oxidase and malic enzyme, which interfered with the method of Utter & Keech (1963), and deacylating activity, which interfered with the method of Martin & Denton (1970).
High activity of pyruvate carboxylase was found only in organisms grown at 30 "C with or without biotin, or at 37 "C with biotin ( Table I) . Enzyme activity was decreased by omission of sodium pyruvate (13 % activity), ATP (30 % activity) or acetyl-CoA (3 % activity) from the assay system. The highest measured activities of pyruvate carboxylase were rather lower than might be expected from the observed rate of growth [about 30 nmol min-l (mg protein) -' I though some enzyme may well be lost during the most gentle extraction. t Activities in organisms grown at 30 " C .
If biotin was absent from the growth medium at 37 "C enzymic activity decreased to onethird, which might be a cause of the slower growth and deformity of the organisms. Neither acetate nor aspartate, which allowed normal growth at 37 "C without biotin, increased the activity of pyruvate carboxylase (Table I) , and so the effects of these two compounds are not due to biotin present as an impurity. Indeed, aspartate inhibited pyruvate carboxylase when added to the assay system; 0.6 mwaspartate caused 50 % inhibition. Cazzulo, Sundaram & Kornberg (I 970) found that aspartate inhibited formation of active pyruvate carboxylase from biotin and apoenzyme.
Phosphoenolpyruvate carboxylase. Only low activity of this enzyme was found in extracts (Table I) , even though the same extracts contained pyruvate carboxylase. Since this latter labile enzyme was detected, it seems unlikely that PEP carboxylase had been present in the organisms but lost during extraction. Furthermore, when the assay system was tested with an extract of Pseudomonas AMI grown on methanol (given by Mr A. A. Hancock of this Department), a PEP carboxylase activity of 45 nmol min-l (mg protein)-l was found.
Acetyl-CoA carboxylase. Organisms grown at 37 "C without biotin had less acetyl-CoA carboxylase activity than those grown with biotin ( Table I) . The presence of acetate or aspartate in the medium without biotin at 37 "C caused a slight increase in enzymic activity, possibly by sparing the need for biotin as a cofactor of pyruvate carboxylase. Aspartate in the assay system was inhibitory; 0.5 mwaspartate caused 50 % inhibition.
The activity of acetyl-CoA carboxylase in organisms grown at 37 "C with aspartate but without biotin was considerably lower than might be expected from the observed rate of growth [8 nmol min-l (mg protein)-l]. Possibly much of the enzyme is destroyed during extraction, but the inhibition by aspartate suggests that this enzyme need not function if aspartate is available, when malonate might perhaps be formed by a different route. In bush bean roots, oxaloacetate (from aspartate) is decarboxylated by an oxidative system to yield malonate (Shannon, de Villes & Lew, 1963) . The bacterial enzymes, aspartate I -decarboxylase (see review by Meister, I 965), P-alanine aminotransferase (Hayaishi & Nishizuka, 1962 ) and malonic semialdehyde dehydrogenase (Nakamura & Bernheim, 1961) acting in sequence also might provide a route from aspartate to malonate.
Isocitrate Zyase (glyoxylate cycle). 
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without biotin at 37 "C was probably a result of inducing the glyoxylate cycle (Table I) . Isocitrate lyase was found at relatively high activity only after growth with acetate (plus glycerol). The products of the enzyme reaction were identified as glyoxylate phenylhydrazones (two isomers) by their absorption at 325 nm and by the chromatographic properties of the 2,4-dinitrophenylhydrazones. Malic enzyme. This enzyme was assayed because it might be present in biotin-deficient organisms and able to convert pyruvate to malate rather than catalysing the reverse reaction. Activity of malic enzyme was highest under growth conditions where the supply of C4 compounds was presumably adequate ( Table I) . This finding supports the view that the role of malic enzyme is to provide a supply of NADPH and to regulate the intracellular concentration of C4 compounds (cf. Krulwich, Sharon & Perrin, 1976) .
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